Objectives: To verify the current rate of IMBDI, evaluate its outcome and find the evidence of the best surgical management in the international literature. Methods: Search of Medline and Pubmed for studies on iatrogenic major bile duct injuries. Because of the lack of single and double blind randomized controlled trials in such disastrous injuries we searched for category 2 evidence according to Howes et al 13 . We concentrated on evidence on correct incidence, new interpretation of aetiology of IMBDIs and out come of the best management. Inclusion criteria: Peer reviewed articles, multicentric and large population studies followed by surgeon's series were searched for incidence and outcome of management. Exclusion criteria: Biliary strictures complicating liver transplantation, chronic pancreatitis, malignancy, bile duct injury due to trauma other than surgery were excluded. Also, minor bile duct injuries and bile leak treated with endoscopic stenting with or without rendezvous technique 14 (rail-roading of strictures combining PTC and ERCP) were excluded. Small size surgical series that reflect personal experience which does not add to best evidence were as well excluded.
Reviews
Six prospective studies, 36 retrospective population-based retrospective audits and major case series with more than 94 major hospitals and eight national population based studies of open and laparoscopic cholecystectomies were reviewed. Bias of some studies was found out. 1 . Professor of surgery, faculty of Medicine, Omdurman Islamic University.
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Main pros and cones of intraoperative cholangiogram (IOC) were clarified. Update of the aetiological understanding with regards to training competences, and complication rate after construction was calculated and the evidence of best management of IMBDIs was worked out.
Incidence of IMBDIs
Gentileschi P et al. 15 in 2004 reported the magnitude of IMBDI in Rome province. They compared results of a questionnaire designed to collect data from 13 centres in a retrospective limb from 1994 to 1998 with a prospective limb of data collection in an audit that ended in December 2001. They found that there were no differences in rate of IMBDI, conversion and mortality rate between the two groups. They found that in 137 18 laparoscopic cholecystectomies (LCs) there were 33(0.24%) IMBDIs (half of them in each limb) resulting in a total of 4 (12.1%) deaths. Elective calcular cholecystitis was the diagnosis in 9(27.3%) of the 33 IMBDIs with no adhesions or congenital anomalies. Direct injury occurred in 24(72.7%), diathermy in 7(21.2%) and wrong clipping in 2(6.1%). There was no significant difference in the retrospective limb and prospective audit. The bias in this study is the lower number of responses in the retrospective limb. This is probably because the surgeons who had had injuries do not like to expose their failures. Nusso G 9 reported the incidence of bile duct injury (BDI) as 0.45% (and 0.36% for IMBDI). Nevertheless, this data shows that there is no differences in outcome of laparoscopic cholecystectomy in eight years time suggesting that IMBDI is a "stable phenomenon 14 " because "increasing experience in the prospective audit did not affect the overall incidence of bile duct injury On the other hand 30% of injuries in group A and 32.9% in group B occurred after >200LCs. IMBDIs were recognized during surgery using IOC compared omitting IOC in 80.9% and 45.1% respectively. The high non-respondents rate might have reduced the rate of IMBDIs in the study. Yet, residency program seems to reduce the frequency of injuries but trained residents are not immunized against IMBDIs. This is probably validated by retrospective study of Nuzzo G et al 9 which was conducted in 184 hospital in 56591 LCs resulting in 235(0.42%) bile duct injuries among which there were 188 cases with no obvious risk factor for the injury i.e. unacceptable injuries. They reported "The incidence of BDI significantly decreased with increasing number of LCs performed, ranging from 0.9% for surgeons who had performed fewer than 150 LCs in the 3-year period to 0.3% for those who had performed more than 450 LCs". On the contrary, it seems that IMBDIs after 200LCs are not related to lack of experience but reflect an inherited problem in the LC. This is supported by a population based study 10 that concluded "increasing experience (during 5 years period) was not related to the incidence of biliary tract injury during LC" and a community survey 20 that proved the learning curve is not really important for timing the injury. Accordingly, bile duct injury was explained by Stewart L et al 21 to be due to errors of visual perception. However, difficult dissection in acute inflammation, dense adhesions and bleeding are incriminated to the major predisposing factors IMBDIs 22 .
Role of IOC
IOC was reported in survey of 9,000 LCs in Belgium 23 to detect 68% of bile duct injuries compared to 32% when it was not done, and in a prospective study of 10,174 patients in Switzerland 23 IOC was able to help recognizing 75% of cases of bile duct injuries. It was also reported that IOC detected 81% of bile duct injuries compared to 45% detection rate in those who didn't undergo IOC 14 . Thus, in a total of 22,831 IOCs in the above three studies 19, 23, 24 it was possible to recognize an average of 74.6% bile duct injuries during the primary surgery. This gives good clinical evidence that IOC helps early detection of bile duct injuries, early repair; reduced costs related to prolonged hospitalization, further morbidities and reduce chances of facing a legal charge of negligence and incompetence. On the other hand, a controlled study of 2038 LCs reported excellent results without performing IOC 25 . This bring us back to the hypothesis of bile duct injuries as inherited problem due to errors of visual perception 21 that trigger a sequence of avoidable tragic morbidities which may culminate in death. For this reason, bile duct injuries should not be considered as a recognized complication of biliary surgery but as a result of lack of attention, reluctance to convert when it is difficult and/or unnecessary high speed and over confidence.
A retrospective cohort in Washington State Hospital from 1991 through 1998 on 30,360 LCs performed by 3,447 surgeons in 138 hospitals, resulted in 76 IMBDIs (1: 400) were identified after search for reconstruction up to 90 days after LC 26 . There was no significant difference between patients in the bases of demographics or hospital variables. The experience of the surgeons was classified into early <20 middle 21-36 and high 37-75 operations. IMBDIs occurred in 3.2/1000 LCs in the early case order of surgeons compared with 1.7/1000 in the high group (P 0.01) , but there was no significant differences after case order greater than 20. . This study concluded that "the mortality and morbidity of LC are similar to that of OC". The relative short follow up period probably reflect some weaknesses in these studies because as time passes more bile duct strictures tend to appear, and further re-strictures, biliary cirrhosis and recurrent cholangitis occur in the previously repaired ducts.
Outcome of repair
The outcome of management of bile duct injury is proportionately related to the severity of the injury. The severity of injury has been classified by different researchers like MICHEK J et al 39 44 . Nevertheless, the majority of these injuries will be missed during OC and LC even when IOC is performed. This is evident in a review of 131 IMBDIs (62 in OC and 64 in LC) 43 .
Management of IMBDIs
Before construction patients must be stabilized and bile leak should be drained. The type of injury dictates the type of repair. Biliaryenteric anastomosis is a demanding surgery. The mean mortality rate of 15 case series 45 composed of a total of 602 IMBDIs with a follow up period ranging from 12-80.4 months was 17(2.8%). In presence of excellent experience good results will be expected with early repair. On the contrary, poor results are associated with delayed referrals, biliary peritonitis and associated vascular injury or other co-morbid factors resulting in as high as 9.4% mortality rate 22 . Pellegrini CA 46 et al studied 50 patients with post-reconstruction (hepaticojejunostomy and hepaticoduodenostomy) in bile duct strictures in whom 40% suffered recurrent cholangitis, 30% obstructive jaundice and 17% pain. Symptoms appeared in 67% within two years and 90 % within seven years resulting in 25% chance of recurrence after the initial reconstruction with two (4%) post operative mortalities. They concluded that there was no evidence that prolonged stenting had contributed to a good result. Similarly it was reported 47 that the mortality rate in 39 cases of Bisthmus type III and IV to be 25%. Delayed diagnosis leads to death due to sepsis 48 and with time some patients develop either cholangitis or liver fibrosis 49 . The best time for management is during surgery as validated by the combined 3 years retrospective (25,007LCs) and 8 years prospective(6,488LCs) study 50 . Although hepaticojejunostomy is the gold standard treatment for IMBDI, its commonest complication is stricture at the anastomotic line. The higher the injury the most frequent and most difficult is the resulting stricture 51 (Table 1) . In long-term follow-up, most of the surgically repaired injuries will have a successful outcome as measured by standard clinical parameters, but, unexpected morbidities will be picked in studies of standard quality of Life. In such studies a standardized questionnaire to100 healthy well matched post LC controls and 89 patients who had successful surgical repair of IMBDI at the Johns Hopkins Hospital between 1990 and 2000 was studied 43 . QOL scores were comparable in the two groups in physical and social domains but were significantly different in the psychological domain. All QOL domain scores were significantly lower in the patients who pursued a lawsuit versus those who did not. The decreased QOL assessment in the psychological dimension may be attributable to the prolonged, complicated, and unexpected nature of these injuries. However, Sarmiento JM 32 in his five year follow up of 59 patients of repaired IMBDIs couldn't demonstrate such a difference.
Working models and protocols should be developed to prevent BDIs. Such models were successful to reduce BDI from 0.27% in early cases (6/2224) to zero (0/2967) 52 . Great care s205 should be taken because the prolonged hospitalization for repair and the high morbidity may not only double the cost of treatment 4.5 to 26 times the cost of successful cholecystectomy 66 but doubles the chance of death three times the rate of death in successful cholecystectomy in the following few years 67 (Table 2) . 
Conclusion
Cholecystectomy should not be regarded as simple operation even in expert hands. IMBDI occurs at a rate of 0.4%-1.4%. It is due to visual malperception and resistance to convert to open cholecystectomy. Factors that predispose to litigation include resistance to convert to open surgery, failure to recognize the injury intraoperatively, treatment failures in immediately recognized injuries, complications that result from delays in diagnosis, and misinterpretation of abnormal cholangiogram. The Outcome of postcholecystectomy biliary injury is related to the technique and timing of the surgical repair. However, complications of repair of IMBDIs increase with time and may culminate in death at earlier time than expected.
